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Introduction

Remaining coal resources in excess of 33 billion short tons are present in 

a 1,275-square-mile area in northwestern Colorado (Landis, 1959), including 

parts of Garfield, Moffat, Pitkin, Rio Blanco, and Routt Counties (fig. 1). 

During the period between July 1975 and November 1978, 100 coal and 17 coal- 

associated rock samples were collected from mines and drill holes in this area 

by the Colorado Geological Survey and the U.S. Geological Survey in 

conjunction with coal exploration, resource assessment, and chemical 

characterization programs of the U.S. Geological Survey (see Swanson and 

others, 1976; Reheis, 1976, 1978a, 1978b; Boreck and others, 1977; and Khalsa 

and Ladwig, 1981).

All of the samples discussed in this report are from coal beds and 

associated strata in the Williams Fork Formation of Late Cretaceous age. This 

unit contains several coal beds of current and potential economic importance 

in the Danforth Hills, Grand Hogback, and Carbondale coal fields (Uinta 

region), and in the Yampa coal field (Green River region). Table 1 contains 

descriptions of the samples by coal field. Locations of the sample sites are 

included in figures 2 and 3.

Geologic setting

The geology of northwestern Colorado, particularly the stratigraphy and 

depositional history of the Cretaceous strata discussed in this report, and 

the coal resources, are documented by many authors, including Gale (1910), 

Hancock (1925), Bass and others (1955), Landis (1959), Weimer (1959), Masters 

(1967), Collins (1976), Hornbaker and others (1976), and Ryer (1977). The 

Upper Cretaceous Mesaverde Group is the principal coal-bearing sequence in 

northwestern Colorado. Regionally, the Mesaverde is divided into the lies and 

Williams Fork Formations. The areal distribution of the Mesaverde Group and 

the major structural features in the region are shown in figures 2 and 3.
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Figure 1. Index map showing locations of the Yampa, Danforth Hills, 

Grand Hogback, and Carbondale coal fields, northwestern 

Colorado, and areas of figures 2 and 3 (modified from 

Jones, 1977).



Figure 2. Map showing general geology and sample localities,

Yampa and Danforth Hills coal fields, northwestern 

Colorado (modified from Tweto, 1976). Explanation 

found on page 5.
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Figure 3. Map showing general geology and sample localities, Grand Hogback 
and Carbondale coal fields, northwestern Colorado (modified 
from Tweto and others, 1978). Explanation found on page 5.
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EXPLANATION OF FIGURES 2 AND 3

ROCK UNITS

CRETACEOUS TO TERTIARY ROCKS, UNDIVIDED, AND QUATERNARY 
SURFICIAL UNITS (Lewis Shale and younger units)

TERTIARY INTRUSIVE ROCKS (fig. 2 only)
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"^j. CRETACEOUS TO TERTIARY INTRUSIVE ROCKS (fig. 3 only) 

  MMiu» dike or sill

MESAVERDE GROUP, UNDIVIDED (fig. 3 only)

Williams Fork 
Formation

lies Formation

MANGOS SHALE 
(fig. 2 only)

Upper part of Mesaverde 
Formation (fig. 3 only)

Lower part of Mesaverde 
Formation (fig. 3 only)

Upper unit of Mancos 
Shale (fig. 3 only)

PRECAMBRIAN TO CRETACEOUS ROCKS, UNDIVIDED (Frontier 
Sandstone Member of Mancos Shale and older units)

CONTACT dashed where approximately located or 
concealed

FAULT dashed where approximately located or 
concealed. Bar and ball on downthrown 
side

CREST OF ANTICLINE dashed where approximately 
located or concealed

TROUGH OF SYNCLINE dashed where approximately 
located or concealed

LINE OF STEEP DIP IN MONOCLINE dashed where 
approximately located or concealed

SAMPLE LOCALITIES

Mine Drill hole



The Williams Fork Formation

The Williams Fork Formation comprises the upper portion of the Mesaverde 

Group. The unit lies conformably on the uppermost laterally persistent 

sandstone bed of the lies Formation, variously called the Trout Creek 

Sandstone Member of the lies Formation and the Rollins Sandstone Member of the 

Mesaverde Formation. The lithology of the Williams Fork Formation consists of 

alternating beds of sandstone, siltstone, shale and coal (Collins, 1976; Ryer, 

1977). The general stratigraphic relationships of the coal-bearing strata and 

adjacent rocks are shown in figure 4.

Coal occurs in a number of laterally discontinuous beds in the lower 

member of the Williams Fork Formation; these beds are intercalated and 

interbedded with siltstone, silty sandstone, and carbonaceous shale. In the 

Uinta region, the coal beds are in three zones or "groups" in the lower member 

(Collins, 1976; Hornbaker and others, 1976). These zones are isolated from 

the correlative strata of the middle coal group in the Yampa field by erosion 

along the Axial Basin anticline (Hancock, 1925; Ryer, 1977).

Sediments of the Mesaverde Group accumulated in a series of marine, 

marginal-marine, and nonmarine depositional environments along the western 

edge of the Interior Cretaceous Seaway (Ryer, 1977; Berman and others, 

1980). This vertical succession of sediments can be subdivided into three 

depositional cycles caused by alternative regressive and transgressive phases 

of the epeiric sea (Masters, 1967). The deposition of the lower coal-bearing 

member of the Williams Fork Formation occurred during the second regressive 

cycle, initiated by the underlying Trout Creek Sandstone Member of the lies 

Formation.



00 c. I a fD
O

 
U>

 
0
 

O
 

CO
 

fD
i 
' 

co
 

H
M

O
O

) 
H

- 
O

 
H

 
O

 
H

- 
H

- 
CO

 
CU

 
N

 
» 

rt
 

fD
 

fD
 

&
.

v
o

 
CO

-J
 

to
 

rt
a*

 
rt

 
fi

« 
i-j

 
ft)

fu
 

rt
?d

 
rt

 
H

-
C

^ 
JU

 
O

Q

£3
 

*^
3

O
 

P
4

h(
 

H
-

rt
 

O

?
 

O
fD

 
O

CO
 

h
j

rt
 

C

 x li JJ J5
 

X>
 

^ y
 

C ? --
* 

--
1
i
'

35 ~
\

--
X

 

-0
 

N
J

 
3
>

*   
 -

< 1

C
R

E
T

A
C

E
O

U
S

U
P

P
E

R

S 
>

?  
°

m
 

^

C
R

E
T

A
C

E
O

U
S

 
l^

M
E

S
A

V
E

R
D

E
 

G
R

O
U

P

TO
N

G
U

E 
O

F 
M

AN
CO

S 
SH

A
LE

IL
E

S
 

F
O

R
M

A
T

IO
N

LO
W

E
R

 
P

A
R

T
 

UP
PA

PR
ETR

|o
 

W
IL

L
IA

M
S

 
FO

R
K

 
F

O
R

M
A

T
IO

N

 
1 

4i^
 

"1 
ff

!
' 

8 
1 

8 
§ 

S
is

 
/
 

R
o

ll
in

s
 

S
an

d
st

o
n

e 
\ 

1 
B

o
w

ie
 

S
h

a
le

 
\P

a
o

n
ia

 
S

h
a

le
 

?.
 

C
 L

Z
J
B

Z
J
H

 "
 

/ 
7

/ 
~~

*-T
 

/ 
  

i 
17

 
' 

7
/ 

5 
D

 
 
_

_
_

 
 
,
.
 

/
 

M
em

be
r 

~
 

K 
\ 

I 
M

e
m

b
e
r 

 
M

e
m

b
e

r 
 

Sf
 
^

4
k
 

«
«
 

«
«
 

/
 

II
 

I 
1 

ic
 

*~
  t

-.
i 

3%
 

S
 

t 
/ 

K
o 

1 1
 

I 
  

£j
. 

  
 

0 
° 

S 
/
 

c1
 

/\
 
\ 

/ 
5

c
^

>

/ 
^ 

^
 

\/
 

^ 
[m

ar
in

e 
sJ

ia
lc

 
m

em
be

r 
\ 

*t 
/

MANGO
S 

SHAL
E

..,
   

.. 
 ..

 
. 
,.
.,
 .
, 

, 
, 

, 

IL
E

S
 

F
O

R
M

A
T

IO
N

M
 

E
 

S
 

A
 

V

(A

-
1 

*l
o

 o
 

o
 o

 
r~

 
-n

 >
 m

W
IL

L
IA

M
S

 
FO

R
K

 
F

O
R

M
A

T
IO

N
 

S
g

S
3E

 
co

H
 >

 
co

E
R

D
E

 
G

R
O

U
P

 
i
|
>

rn

T
E

R
­ 

T
IA

R
Y

A
L

E
O

- 

C
E

N
E

 >

S
Y

S
T

E
M

S
E

R
IE

S

0
 

^

%
 

o STRATIGRAP
HIC 

COLUM
N 

(SCHEMA
TIC)

(c
 - coa

l 
ss - sandsto

ne) 

SOUT
H 

NORT
H

M
 
5
 

0
 
>

M
 >

2
H

 
^

a
g
 

3
H

 
O

sj 
o

 
H

I
fD

 
O

 
rt

 
M

 
rt

 
O

 
O

 
pr

4 
 1

 
fD

S
 

8
. 

13
!

Q.
J 

O
 

fD CO
o 
^
 t

u
rt

 
0
 

<1
£J

* 
O

 
fD

fD
 
a

 
fl

h-j 
H-

 a
CO

 
H

i 
fD

M
 

H
'

fD
 

Q
M

 a
 f

i

oo
O 0
 

£
 

3 a



The following is a short synopsis of the sequence of deposition of the 

lower Williams Fork Formation. The Trout Creek Sandstone Member of the lies 

Formation was formed as a marine barrier-beach deposit along the receding 

shoreline of the epeiric sea during the second regressive cycle. As this 

barrier sand prograded seaward, poorly sorted, fine-grained terrigenous 

material accumulated in the lagoon behind the barrier sand. These shoreline 

and delta deposits followed the progradation of the barrier sand, forming 

brackish- to fresh-water swamps and marshes in the interdelta and 

interdistributary regions. Very fine grained materials and organic detritus 

accumulated in the shallow standing water, with periodic deposition of 

coarser, overbank material. This coal-forming sequence was ultimately covered 

by rapid sedimentation during the subsequent transgression, represented by the 

sediments of the overlying marine shale member of the Williams Fork Formation.

Explanation of data and summary tables

Significant to any complete coal resource appraisal is an estimate of the 

chemical composition of the coal. Four somewhat overlapping reasons for 

obtaining comprehensive and precise chemical analyses of coal are as 

follows: (1) to help assess the environmental implications of coal mining and 

utilization, (2) to help determine the most suitable use of the coal, (3) to 

assess possible by-product recovery, and (4) to help interpret the geological 

and geochemical history of the coal-bearing rocks.



Proximate and ultimate analyses and heat-of-combustion, air-dried-loss, 

forms-of-sulfur, free-swelling-index, and ash-fusion-temperature 

determinations for 67 single and nine composite coal samples from the Williams 

Fork Formation, northwestern Colorado, are given in tables 2a-2d. These 

analyses were provided by the Coal Analysis Section, U.S. Department of Energy 

(formerly U.S. Bureau of Mines), Pittsburgh, Pa. Analyses for ash content, 

contents of 35 major and minor oxides and trace elements in the laboratory ash 

(tables 3a-3d), and analyses of nine trace elements in whole coal or whole 

rock (tables 4a-4d) for 100 coal and 17 coal-associated rock samples from the 

Williams Fork Formation were provided by the U.S. Geological Survey in Denver, 

Colo. Tables 5a-5d contain the data listed in tables 3a-3d converted to a 

whole-coal or whole-rock basis and include the whole-coal and whole-rock 

analyses listed in tables 4a-4d. Twenty-three additional elements not listed 

in tables 3, 4, and 5 were looked for but not found in amounts greater than 

their lower limit of detection (table 6).

Unweighted statistical summaries, by coal field, of the analytical data 

for the coal samples in tables 2, 3, and 4 are given in tables 7, 8, and 9, 

respectively. Data summaries for ?2®5 contents in asn are not included in 

tables 8b and 8c because P2°5 was detected in an insufficient number of 

samples to calculate meaningful statistics. For the same reason, the contents 

in whole coal of the following elements are not included in tables 9a-9d: Cd 

(9c,9d); Ce, Ge, and Nd (9a-9d); La (9a, 9b); and P (9b, 9c). For comparison, 

statistical summaries of the analytical data in tables 2, 3, and 4 for the 

coal samples from the Williams Fork Formation collectively are presented in 

tables 10, 11, and 12.



To be consistent with the precision of the semiquantitative emission 

spectrographic technique, arithmetic and geometric means of elements 

determined by this method are reported as the midpoint of the enclosing six- 

step brackets. (See headnote of table 3 or Swanson and Huffman, 1976, p. 6, 

for an explanation of six-step brackets.)

Most of the analytical procedures used by the U.S. Geological Survey are 

described in Swanson and Huffman (1976). Arsenic contents of samples included 

in this report were determined by three different analytical methods: samples 

D176362 - D176390 were analyzed spectrophotometrically (lower detection limit 

1.0 ppm); samples D178117 - D178129, D188236 - D188246, and D196434 - D196438 

were analyzed by the graphite furnace-atomic absorption method (lower 

detection limit 0.5 ppm); the remaining 68 samples were analyzed for arsenic 

by instrumental neutron activation analysis (lower detection limit 0.1 ppm).

Antimony, selenium, and thorium contents of samples D176362 - D178129, 

D188236 - D188246, and D196434 - D196438 were determined by the Rhodamine-B 

spectrophotometric method (lower detection limit 0.1 ppm), x-ray fluorescence 

analysis (lower detection limit 0.1 ppm), and delayed neutron activation 

analysis (lower detection limit 3.0 ppm), respectively. The remaining 68 

samples were analyzed for antimony, selenium, and thorium by instrumental 

neutron activation analysis (lower detection limit 0.1 ppm).

Cobalt and chromium contents of samples D176362 - D178129, D188236 - 

D188246, and D196434 - D196438 were determined in ash by semiquantitative 

emission spectrography (lower detection limits 10 ppm and 2 ppm, respectively) 

and converted to a whole-coal or whole-rock basis (tables 4a-4d). The 

remaining 68 samples were analyzed for cobalt and chromium by instrumental 

neutron activation analysis (lower detection limit 0.1 ppm). The typical 

sequence of preparation and analysis of samples is presented in figure 5.

10
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Explanation of statistical terms used in summary tables 

In this report the geometric mean (GM) is used as the estimate of the 

most probable concentration (mode). The GM is calculated by taking the 

logarithm of each analytical value, summing the logarithms, dividing the sum 

by the total number of values, and obtaining the antilogarithm of the 

result. The measure of scatter about the mode used here is the geometric 

deviation (GD), which is the antilog of the standard deviation of the 

logarithms of the analytical values. These statistics are used because the 

quantities of trace elements in natural materials commonly exhibit positively 

skewed frequency distributions; such distributions are normalized by 

statistically analyzing and summarizing trace-element data on a logarithmic 

basis.

If the frequency distributions are lognormal, the GM is the best estimate 

of the mode, and the estimated range of the central two-thirds of the observed 

distribution has a lower limit equal to GM/GD and an upper limit equal to 

GM x GD. The estimated range of the central 95 percent of the observed
f\

distribution has a lower limit equal to GM/(GD)^ and an upper limit equal to 

GM x (GD) 2 (Connor and others, 1976).

Although the geometric mean is, in general, an adequate estimate of the 

most common analytical value, it is, nevertheless, a biased estimate of the 

arithmetic mean. The estimates of the arithmetic means listed in the summary 

tables are Sichel's _t_ statistic (Miesch, 1967).

A common problem in statistical summaries of trace-element data arises 

when the element content of one or more samples is below the limit of 

analytical detection. This results in a "censored" distribution. Procedures 

developed by Cohen (1959) are used to compute biased estimates of the GM, GD, 

and arithmetic mean when the data are censored.

12



Discussion

The heats of combustion (moist, mineral-matter-free basis) and apparent 

ranks for 76 coal samples from the Williams Fork Formation, northwestern 

Colorado, were calculated using the data in tables 2a-2d and the formulae in 

ASTM designation D-388-77 (American Society for Testing and Materials, 

1978). The results are summarized below by coal field.

For 44 coal samples from the Yampa field, heats of combustion range from 

5,810 kcal/kg (10,450 Btu/lb) to 7,200 kcal/kg (12,940 Btu/lb); the free- 

swelling index for the samples ranges from 0 to 0.5. The apparent ranks for 

the samples are distributed as follows: subbituminous B coal (2 samples), 

subbituminous A coal (29 samples), and high-volatile C bituminous coal (13 

samples).

The heat-of-combustion values for 18 coal samples from the Danforth Hills 

field range from 5,240 kcal/kg (9,430 Btu/lb) to 6,580 kcal/kg (11,840 

Btu/lb); the free-swelling index for all samples is 0. The apparent ranks for 

the samples are distributed as follows: subbituminous C coal (one sample), 

subbituminous B coal (11 samples), and subbituminous A coal (six samples). 

One high-ash sample was excluded from this summary because the results of the 

calculations were questionable.

Heats of combustion for five coal samples from the Grand Hogback field 

range from 7,500 kcal/kg (13,490 Btu/lb) to 7,630 kcal/kg (13,730 Btu/lb); the 

free-swelling index for the samples ranges from 1.0 to 1.5. The apparent rank 

for all five samples is high volatile B bituminous coal.
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For eight samples from the Carbondale field, the heats of combustion range 

from 8,520 kcal/kg (15,330 Btu/lb) to 8,800 kcal/kg (15,820 Btu/lb), the free- 

swelling index ranges from 8.5 to 9.0, and the calculated fixed-carbon 

contents (dry, mineral-matter free) range from 64.7 percent to 76.8 percent. 

The apparent rank for two samples is high-volatile A bituminous coal; the 

apparent rank for the other six samples is medium-volatile bituminous coal.

Variations in coal rank within the coal fields are probably due to local 

variations in relative amounts of original constituents, depth of burial, or 

tectonic activity. The high coal rank in the southern fields (Grand Hogback 

and Carbondale) results primarily from intense metamorphism during the uplift 

of the White River Plateau and intrusion of several major igneous bodies into 

the coal-bearing rocks (Collins, 1976).

Statistical comparisons, using the "t" and "f" tests (95-percent 

confidence level) (Miller and Kahn, 1962), of the sample means and variances 

of the Department of Energy data for 76 coal samples from the Williams Fork 

Formation, northwestern Colorado, with 86 coal samples from the Rocky Mountain 

province (Swanson and others, 1976) show that the Williams Fork Formation 

samples collectively have significantly higher contents of fixed carbon, 

nitrogen, total sulfur, and organic sulfur; and significantly lower contents 

of volatile matter, hydrogen, oxygen, and sulfate sulfur. Heat of combustion 

and contents of moisture, ash, carbon, and pyritic sulfur are not 

significantly different.
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Statistical comparisons of the sample means and variances of coal ash and 

contents of nine major and minor oxides in the ash for 100 Williams Fork 

Formation coal samples with 295 coal samples from the Rocky Mountain province 

(Hatch and Swanson, 1977) show that the Williams Fork Formation samples 

collectively have significantly higher contents of Si02, A1203, K^O, and Ti02J 

and significantly lower contents of MgO, Na20, and 803 in ash. Ash content 

and contents of CaO and I^Og in ash are not significantly different.

Statistical comparisons of the sample means and variances of 35 elements 

(whole-coal basis) for 100 Williams Fork Formation coal samples with 295 coal 

samples from the Rocky Mountain province (Hatch and Swanson, 1977) show that 

the Williams Fork Formation samples collectively have significantly higher 

contents of K, Ti, Ba, F, and Nb; and significantly lower contents of Ca, Mg, 

Na, Fe, As, Co, Cr, Cu, Hg, Mn, Mo, and Se. The contents of Si Al, B, Be, Cd, 

Ga, Li, Ni, Pb, Sb, Sc, Sr, U, V, Y, Yb, Zn, and Zr are not significantly 

different.

Differences in the oxide composition of coal ash and the element contents 

of coal result from differences in the total and relative amounts of the 

various minerals in the coal, and the total and relative amounts of 

organically bound elements. The chemical form and distribution of a given 

element are dependent on the geologic history of the coal bed. A partial 

listing of the geologic factors that influence element distributions includes 

chemical composition of original plants; amounts and compositions of various 

detrital, diagenetic, and epigenetic minerals; temperatures and pressures 

during burial; and extent of weathering. No evaluation of these factors has 

been made for any of the coal beds in the Williams Fork Formation.
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TABLES 1-12



Table 1. ff.S. Geological Survey sample numbers, locations, sample types, sample thickness or depth
Interval represented, and brief descriptions for 100 coal and coal-associated rock samples from
the Williams Fork Formation, northwestern Colorado

[For mine

uses
sample
number Section

samples,

Location

Township

U indicates underground operations; S indicates surface operation]

Sample thickness 
or depth interval

Range
oamp a. e
type

YAMPA

represented
(feet)

COAL FIELD

Brief
description

(bed name)

Hole number
or mine na  

(type)
me

Mine samples  Mof fat County

D188245
D188256
D188255
D188246

31
31
31
31

6N
6N
6N
6N

91W
91W
91W
91W

Grab
Channel

.,  do-
Grab

No data
Lower 3.0
Upper 3.0
No data

Floor rock
Coal ("F")
    do    
splay deposit

Wise Hill No
Do.
Do.
Do.

  5 (U)

Mine samples   Routt County

D176389
D176378
D176390
D176377
D176388
D188239
D184641
D184640
D184639
D188240
D184643
D184642
D176387
D176375
D176376
D176383
D176370
D176369
D176373
D176386
D176374
D176385
D176371
D176372
D176384
D176380
D176363
D176362
D176379
D176365
D176364

35
35
35
35
35
20
20
20
20
20
20
20
1
1
1

25
25
25
32
32
32
33
33
33
33
7
7
7
7
7
7

6N
6N
6N
6N
6N
6N
6N
6N
6N
6N
6N
6N
5N
5N
5N
5N
5N
5N
5N
5N
5N
5N
5N
5N
5N
4N
4N
4N
4N
4N
4N

87W
87W
87W
87W
87W
86W
86W
86W
86W
86W
86W
86W
86W
86W
86W
87W
87W
87W
86W
86W
86W
86W
86W
86W
86W
85W
85W
85W
85W
85W
85W

Channel
  do 
  do 
 do 
  do  
  do 
  do 
 do 
  >do  
 do  
  do  
 do-­
Grab

Channel
 do  
Grab

Channel
 do-
Channel
  do  
  do-­
Grab
Channel
 do-
Grab

Channel
  do 
  do 
  -do 
  -do 
 do  

0.2
Lower 5.0
No data
Upper 4.0

.2

.5
Lower 3.8
Middle 3.0
Upper 1.8

.3
Lower 2.0
Upper 5.9
No data
Lower 4.5
Upper 4.0
No data

Floor rock
Coal (Wadge)
Parting
Coal (Wadge)
Roof rock
Floor rock
Coal (Wadge)
    do    
   do    
Floor rock
Coal (Wadge)
    do   
Floor rock
Coal (Wadge?)
    do    
Floor rock

Lower 2.7 Coal (Fish Creek)
Upper 2.5
Lower 5.0

.8
Upper 4.0
No data
Lower 4.0
Upper 4.2
No data

.3
Lower 2.8
Upper 2.5

.2
Lower 3.0
Upper 2.5

   do   
Coal (Wadge)
Parting
Coal (Wadge)
Floor rock
Coal (Wadge)
    do    
Roof rock
Floor rock
Coal (Wadge)
    do    
Roof rock
Coal (Wadge)
   do    

Seneca
Do.
Do*
Do.
Do.

Denton
Do.
Do.
Do.
Do.
Do.
Do.

Energy No.
Do.
Do.

Energy No.
Do.
Do.

Energy No.
Do.
Do.

Energy No.
Do.
Do.
Do.

(S)

(S)

3 (S)

2 (S)

1 (S)

1A(S)

Edna (S)
Do.
Do.
Do.
Do.
Do.
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Table 1. U.S. Geological Survey sample ntimbers, locations, sample types, sample thickness or depth
interval represented, and brief descriptions for 100 coal and coal-associated rock samples from
the Williams Fork Formation, northwestern Colorado continued

uses
sample
number

D186094
D208577
D208564
D208565
D208566
D208567
D208568
D208569
D208570
D208571
D208572
D208573
D208574
D208575
D208576

D178117
D178118
D178119
D178120
D178121
D178122
D178123
D178124
D178129
D178128
D178125
D178126
D178127
D184645
D184646
D208579
D208578
D208580
D188237
D188252
D188236
D188238
D188254
D188253
D188250
0188251

Section

36
15
23
23
23
23
23
23
23
23
23
23
23
23
23

24
24
24
24
24
24
24
24
19
18
13
13
13
35
26
28
28
27
13
13
13
13
13
13
13
13

Location

Township

6N
5N
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N

4N
>4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
5N
5N
5N
5N
5N
5N
5N
5N
5N
5N
5N
5N
5N

Range

93W
92W
91W
91W
91W
91W
91W
91W
91W
91W
91W
91W
91W
Q1UJ In

91W

87W
87W
87W
87W
87W
87W
87W
87W
86W
86W
87W
87W
87W
87W
87W
86W
86W
86W
86W
86W
86W
86W
86W
86W
86W
86W

Sample
type

Drill hole

Core
 do  
  do~
  do  
~do~
  do 
  do 
  do 
  do  
  do  
  do  
 do  
  do 
  do 
- do-

Drill hole

Core
  do  
  do 
  do 
  -do 
  do   
  do  
 do  
  do 
  do 
 do  
  do 
  do 
  do 
  do 
  do  
  do  
 do  
Grab
Core
Grab
 do-

Core
  -do   
  do 
 do  

Sample thickness 
or depth interval

represented
(feet)

Brief Hole number
description or    *   - -   -

(bed name)
mine uttiue

(type)

samples   Moffat County

220.0- 235.0
260.0- 274.0
176.8- 187.0
187.0- 197.4
218.8- 222.1
646.2- 662.9
704.3- 705.7
722.5- 735.9
735.9- 746.5
746.5- 756.8
766.3- 766.7
785.2- 787.9
799.2- 811.0
854.4- 855.0
865.5- 872.0

samples   'Routt County

182.4- 191.2
196.4- 198.8
253.9- 255.7
350.2- 352.5
352.5- 362.5
362.5- 370.5
23.4- 32.2

195.8- 214.9
29.5- 32.7
88.3- 98.9
32.4- 38.3

106.7- 117.8
119.9- 121.9

1286.0-1295.0
1397.0-1403.0

74.5- 79.0
20.0- 23.7
10.0- 13.9
No data

1.3
No data
No data

3.5
5.0

1113.0-1117.0
1131.0-1141.0

Coal
    do     
     do    
    do    
    do    
«  !« MWQ Q      1-~ J-

     do     
    do    
« M»« «Q Q*M _!  !  M

    do     
_____s1 n_____ \I U

    do    
      -do      
_._»  _/} r-^, ____

Coal (Wadge)
Coal

    do    
Coal (Wolf Creek)
     do     
_     do      
Coal (Wadge)
Coal (Wolf Creek)

Coal
Coal (Wadge)

Coal
Coal (Wadge)

Coal
Coal (Wadge)
^*""   Q. O ^ ^ LLJ ^-

Coal (Fish Creek)
     do    
  ̂*""*   Cl O^^^*   

Roof rock
Coal (Wolf Creek 3)
Floor rock
Roof rock
Coal (Wadge)
    do    
Coal (Wolf Creek A)
Coal (Wolf Creek A/B)

Y-20-HG
C-4-RdB
C-1C-H

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

DH-1
Do.
Do.
Do.
Do.
Do.

DH-2
Do.

DH-5A
DH-4
DH-3

Do.
Do.

W-36
W-35

RB-23
RB-16
RB-24
W-47

Do.
Do.
Do.
Do.
Do.

W-50
Do.
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Table 1.- U.S. Geological Survey sample numbers, locations, sample types, sample thickness or depth
interval represented, and brief descriptions for 100 coal and coal-associated rock samples from
the Williams Fork Formation, northwestern Colorado continued

uses
sample
number Section

Location

Township Range
Sample
type

Sample thickness
or depth interval 

represented
(feet)

Brief 
description

(bed name)

Hole number 
or mine name

(type)

DANFORTH HILLS COAL FIELD

D205272
D205273
D205274
D205275
D205276
D205277
n?ns?7ft
D205279
D205280
D205281
D205282
D186091
D186092
D186093
D191603
D191604
D191605
D191606

18
1 Q

18
18
18
18
1 9

18
18
18
18

7
7
8
7
7
7
7

4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
3N
3N
3N
3N
3N
3N
3N

94W
94W
94W
94W
94W
94W
94W
94W
94W
94W
94W
93W
93W
93W
92W
92W
92W
92W

Drill hole

Core
  do 
 do 
  do 
  do 
 do 

 do  
  do  
  do  
 do-
Cuttings
  do 
  do-­

Core
  do 
  do 
 do-

samples   Moffat County

145.4-157.1
165.4-179.2
179.2-180.7
180.7-184.9
196.4-198.7
222.5-225.0
007 e on 1 e.

295.3-315.6
351.7-359.7
367.8-370.0
391.6-395.6
52.8- 64.0

301.5-304.5
882.5-908.8
350.0-356.0
456.0-465.0
465.0-472.0
639.0-642.0

Coal
___ An 

    do    .  
Coal, carb. shale

Coal
«»»..^ n____.-

    do    
    do    
    do    
    * "  '"u 0     

    do    
__   ,«d o   -  
    do    
    do    
       H n        

    do    
    do    

D-38-EG

Do.
Do.
Do.
Do.

Do.
Do.
Do.
Do.

D-3-A
Do.

D-12-NG
D-l-NG

Do.
Do.
Do.

Drill hole samples   Rio Blanco County

D 186095

D186096

D201454

D201455

7

7

23

21

2N

2N

2N

2N

92W

92W

93W

93W

Cuttings

  do  

Core

 do-

60.0- 70.0

145.0-150.0

48.0- 59.5

502.6-515.2

Coal

    do    

    do    

' ""^' " "dO "  « »

D-8-NG

Do.

M207A

M209A

GRAND HOGBACK COAL FIELD

Mine samples  -Garfield County

D196217
D196216
D196434
D196215
D196214
D196436
D196218
D196435

24
24
24
24
24
24
24
24

5S
5S
5S
5S
5S
5S
5S
5S

92W
92W
92W
92W
92W
92W
92W
92W

Channel
  do 
  do  
  do  
  do  

Grab
Channel

Grab

Lower 3.0
Next 4.6

.7
Next 4.9

Upper 4.9
No data

5.7
No data

Coal ("E")
_____ d QI. I... _

Parting
Coal ("E")

       ̂ n ___ . __
        xl U  

Eastside (U)
Do.
Do.
Do.
Do.

Floor rock Nu-Gap No. 3(U)
Coal (Sunnyridge)
Roof rock

Do.
Do.

22



Table 1.--U.S. Geological Survey sample numbers, locations, sample types, sample thickness or depth 
interval represented, and brief descriptions for 100 coal and coal-associated rock samples from 
the Williams Fork Formation, northwestern Colorado continued

uses
sample 
number

Location

Section Township Range
Sample 
type

Sample thickness 
or depth interval 

represented 
(feet)

Brief 
description 
(bed name)

Hole number 
or mine name 

(type)

CARBONDALE COAL FIELD

Mine samples Pltkin County

D208590

D208589

D196222
D196221
D196438
D196223
D196220

D196437
D196219

D184638

D184637

34

35

5
5
5
8

17

17
17

17

17

8S

8S

10S
10S
10S
10S
10S

10S
10S

10S

10S

89W

89W

89W
89W
89W
89W
89W

89W
89W

89W

89W

Channel

 do 

  do 
  do 
~do 
  do  
  do 

~ do--
-   do 

  do 

  -do 

10.2

6.3

Lower 5.6
Upper 3.0

.5
Upper 7.9
Lower 2.8

1.5
Upper 2.3

Lower 3.2

Upper 3.2

Coal (And arson)

Coal ("A")

Coal ("B")
    do    
Bone coal
Coal ("B")
Coal (Dutch

Creek)
Parting

Coal (Dutch
Creek)

Coal ("B")

    do    

Thompson Creek
No.3(U)

Thompson Creek
No.l(U)

Coal Basin(U)
Do.
Do.

L. S. Wood(U)
Dutch Creek

No.2(U)
Do.
Do.

Dutch Creek
No. 1(U)
Do.

23
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Table 6. -Elements looked for but not detected in samples from the Williams Fork
Formation, northwestern Colorado

[Approximate lower detection 
spectrographic method of the 
elements]

Element name

Silver

Gold

Bismuth

Dysprosium

Erbium

Europium

Gadolinium

Hafnium

Holmium

Indium

Lutetium

Palladium

Praseodymium

Platinum

Rhenium

Samarium

Tin

Tantalum

Terbium

Tellerium

Thallium

Thulium

Tungsten

limits in ash, 
U.S. Geological

Symbol

Ag

Au

Bi

Dy

Er

Eu

Gd

Hf

Ho

In

Lu

Pd

Pr

Pt

Re

Sm

Sn

Ta

Tb

Te

Tl

Tm

W

as determined by the six-step 
Survey, are included for all

Lower limit of detection in 
ash (ppm)

1

50

20

100

100

200

100

200

50

20

70

5

200

100

100

200

20

1,000

700

5,000

100

50

200

79



Table 7a. Arithnetic mean, observed range, geometric mean, and geometric deviation

of proximate and ultimate analyses, and heat of combustion, forms

ash-fusion temperatures of 44 coal samples from the Williams Fork

of sulfur, and

Formation, Yampa

coal field, northwestern Colorado

[All values are in percent except kcal/kg. Btu/lb, and ash-fusion temperatures, 
and are reported on the as-received basis. °F = ( G C x 1.8) + 32; kcal/kg = 
0.556 x (Btu/lb). L, less than the value shown]

Arithmetic 
mean

Observed range

Minimum Maximum
Geometric 
mean

Geometric 
deviation

Proximate and ultimate analyses

Moisture

Volatile 
matter

Fixed 
carbon

Ash

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

11.1

34.9

44.4

9.6

5.6

60.9

1.3

22.0

.6

5.7 17.1

26.1 40.3

33.2 52.3

3.0 32.7

3.9 7.1

44.0 71.0

.5 1.9

16.0 27.2

.3 3.1

10.6

34.8

44.2

8.4

5.6

60.7

1.2

21.8

.6

1.3

1.1

1.1

1.7

1.1

1.1

1.4

1.2

1.5

Heat of combustion

Kcal/kg

Btu/lb

5,930

10,670

4,170 6,920

7,500 12,440

5,910

10,630

1.1

1.1

Forms of sulfur

Sulfate

Pyritic

Organic

0.01

.18

.45

0.01L 0.04

.01 2.18

.16 2.27

0.01

.10

.40

1.4

2.9

1.6

Ash-fusion temperatures, °C

Initial 
deformation

Softening 
temperature

Fluid 
temperature

1,315

1,360

1,390

1,070 1,600+

1,095 1,600+

1,115 1,600+

1,310

1,350

1,385

1.1

1.1

1.1
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Table 7b. Arithmetic mean, observed range, geometric mean, and geometric deviation

of proximate and ultimate analyses, and heat of combustion, forms

ash-fusion temperatures of 19 coal samples from the Williams Fork

of sulfur, and

Formation,

Danforth Hills coal field, northwestern Colorado

[All values are in percent except kcal/kg, Btu/lb, and ash-fusion temperatures, 
and are reported on the as-received basis. °F = ( U C x 1.8) + 32; kcal/kg = 
0.556 x (Btu/lb). L, less than the value shown]

Arithmetic 
mean

Observed range

Minimum Maximum
Geometric
mean

Geometric 
deviation

Proximate and ultimate analyses

Moisture

Volatile 
matter

Fixed 
carbon

Ash

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

14.7

28.9

40.9

16.5

5.2

52.6

1.1

24.8

.6

2.9 23.8

11.3 33.2

22.5 50.9

3.8 45.8

2.5 6.0

33.5 64.1

.6 1.6

6.4 30.6

.3 1.1

13.2

28.0

39.9

12.1

5.1

51.6

1.1

23.4

.5

1.6

1.3

1.2

2.2

1.2

1.2

1.3

1.4

1.6

Heat of combustion

Kcal/kg

Btu/lb

5,040

9,070

3,210 6,020

5,780 10,830

4,950

8,900

1.2

1.2

Forms of sulfur

Sulfate

Pyritic

Organic

0.01

.18

.42

0.01L 0.02

.02 .41

.12 .76

0.01

.14

.37

1.2

2.1

1.7

Ash-fusion temperatures, °C

Initial 
deformation

Softening 
temperature

Fluid 
temperature

1,325

1,370

1,355

1,115 1,600+

1,145 1,600+

1,170 1,600+

1,320

1,365

1,350

1.1

1.1

1.1
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Table 7c. Arithmetic mean, observed range, geometric mean, and geometric deviation

of proximate and ultimate analyses, and heat of combustion, forms of sulfur, and

ash-fusion temperatures of five coal samples from the Williams Fork Formation,

Grand Hogback coal field , northwestern Colorado

[All values are in percent except kcal/kg, Btu/lb, and ash-fusion temperatures, 
and are reported on the as-received basis. °F = ("C x 1.8) + 32; kcal/kg « . 
0.556 x (Btu/lb). L, less than the value shown]

Arithmetic 
mean

Observed range

Minimum Maximum mean
Geometric 
deviation

Proximate and ultimate analyses

Moisture

Volatile 
matter

Fixed 
carbon

Ash

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

4.5

38.9

48.4

8.3

5.5

69.7

1.3

14.7

.6

4.0

37.2

46.1

6.1

5.4

68.0

.9

14.1

.4

4.8 4.4

39.8 38.8

50.0 48.4

10.4 8.0

5.6 5.5

71.4 69.6

1.4 1.3

15.3 14.7

.7 .6

1.1

1.0

1.0

1.3

1.0

1.0

1.2

1.0

1.2

Heat of combustion

Kcal/kg

Btu/lb

6,860

12,340

6,700

12,060

6,990 6,860

12,580 12,340

1.0

1.0

Forms of sulfur

Sulfate

Pyritic

Organic

0.02

.06

.50

0.01L

.03

.38

0.02 0.01

.09 .06

.56 .50

1.5

1.6

1.2

Ash-fusion temperatures, U C

Initial 
deformation

Softening 
temperature

Fluid 
temperature

1,280

1,305

1,350

1,220

1,250

1,315

1,600+ 1,275

1,600+ 1,305

1,600+ 1,350

1.0

1.0

1.0
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Table 7d. Arithmetic mean, observed range, geometric mean, and geometric deviation

of proximate and ultimate analyses, and heat of combustion, forms of sulfur, and

ash-fusion temperatures of eight coal samples from the Williams Fork Formation,

Carbondale coal field, northwestern Colorado

[All values are in percent except kcal/kg, Btu/lb, and ash-fusion temperatures, 
and are reported on the as-received basis. C F = (°C x 1.8) + 32; kcal/kg = 
0.556 x (Btu/lb)]

Arithmetic 
mean

Observed range

Minimum Maximum
Geometric 
mean

Geometric 
deviation

Proximate and ultimate analyses

Moisture

Volatile 
matter

Fixed 
carbon

Ash

hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

1.1

26.4

65.4

7.2

5.2

81.2

1.9

4.0

.6

0.8 1.8

21.8 33.0

58.3 69.6

3.9 11.3

4.8 5.8

75.3 85.7

1.7 2.1

2.6 5.6

.3 1.3

1.1

26.2

65.2

6.8

5.2

81.2

1.9

3.9

.5

1.4

1.2

1.1

1.4

1.1

1.0

1.1

1.3

1.5

Heat of combustion

Kcal/kg

Btu/lb

8,000

14,400

7,470 8,380

13,450 15,090

8,000

14,390

1.0

1.0

Forms of sulfur

Sulfate

Pyritic

Organic

0.03

.11

.44

0.01 0.10

.01 .60

.28 .56

0.02

.05

.43

2.7

3.5

1.3

Ash-fusion temperatures, "C

Initial 
deformation

Softening 
temperature

Fluid 
temperature

1,225

1,260

1,340

1.11U 1,320

1,140 1,370

1,295 1,430

1,220

1,255

1,340

1.1

1.1

1.0

83
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Table 9a. Arithmetic mean, observed range, geometric mean, and geometric deviation 

of 37 elements in 63 coal samples from the Williams Fork Formation, Yampa coal 

field, northwestern Colorado

IA11 analyses are in percent or parts per million and are reported on a whole- 
coal basis. L, less than the value shown]

Element
Arithmetic

mean

Observed

Minimum

range

Maximum
Geometric
mean

Geometric
deviation

Percent

Si
Al
Ca
Mg
Ni

K
Fe
Ti

3.1
1.4
0.41
.079
.055

.11

.33

.059

0.34
.30
.088
.011
.005

.003

.067

.018

13
9.3
.89
.31
.20

.72
1.9
.23

2.2
1.2
.37
.066
.035

.061

.25

.052

2.3
1.8
1.5
1.8
2.6

2.9
2.1
1.6

Parts per million

As
B
Ba
Be
Cd

Co
Cr
Cu
F
Ga

hg
Li
Mn
Mo
Nb

Ni
P
Pb
Sb
Sc

Se
Sr
Th
U
V

Y
Yb
Zn
Zr

1.0
100
200

.7

.12

1.5
5
6.4

125  5

.06
10
29

.7
3

2
520

6.0
.3

1.5

1.0
100

3.2
1.2

10

7
.7

11
30

0.2
20
30

.15

.04L

.1L

.1L
2.3

20L
1

.01
1.5
2.0
.2
.7L

.7
45L
1.5
.1L
.7

.1L
15

.7

.2L
3

1
.1

1.4
7

6.0
300

1,000
5
.60

7
30
18

740
20

.29
52

210
3

15

10
2,000

33
2.3

10

6.4
500
15
4.9

50

20
2

100
200

0.5
70

150
.5
.06

1
3
5.6

95
3

.04
8.4

17
.3

2

1.5
120
4.4
.2

1.5

.9
100

1.5
1.0
7

5
.5

7.3
20

3.3
1.7
1.9
2.9
3.3

2.1
2.4
1.7
2.1
1.8

2.3
1.9
2.8
2.9
2.2

2.0
5.6
2.2
1.9
1.8

1.6
2.C
3.6
1.8
1.9

2.0
2.0
2.5
1.9

88



Table 9b. Arithmetic mean, observed range, geometric mean, and geometric deviation 

of 35 elements in 22 coal samples from the Williams Fork Formation, Danforth Hills 

coal field, northwestern Colorado

[All analyses are in percent or parts per million and are reported on a whole- 
coal basis. L, less than the value shown]

Element
Arithmetic 

mean

Observed

Minimum

range

Maximum
Geometric 
mean

Geometric 
deviation

Percent

Si
Al
Ca
Mg
Na

K
Fe
Ti

As
£
Ba
be
Cd

Co
Cr
Cu
F
Ga

Hg
Li
Mn
Mo
Ni

Pb
Sb
Sc
Se
Sr

Th
U
V
Y
Yb

Zn
Zr

5.3
1.6
.62
.13
.070

.22

.46

.081

2.1
50

200
1.0
.12

2.5
12
10

135
5

.07
11
38
1

10

8.0
.6

3
.8

100

3.0
1.9

20
10

.7

29
50

0.69
.30
.24
.009
.003

.009

.086

.018

Parts per

0.4
30
70

.15L

.03L

.5

.1L
2.8
20L

.7

.01

.7
1.6L
.3

1

1.1
.1L
.3
.1L

10

.3

.2L
2
1
.1

2.7
2

15
4.2
2.2
.36
.23

.65
1.0
.20

million

11
70

700
5
.45

6.2
47
33

330
15

.39
63

150
3

30

57
3.3

10
1.9

300

10
6.3

100
20
2

100
100

3.1
1.2
.51
.095
.026

.089

.36

.062

1.3
50

200
.3
.05

1.9
4.7
7.8

89
3

.05
6.0

14
.7

7

4.1
.4

1.5
.8

70

2.1
1.4

15
7
.5

17
20

2.9
2.2
1.8
2.2
4.2

3.9
2.0
2.1

2.7
1.3
1.6
5.4
4.0

2.0
4.1
2.0
2.5
2.4

2.4
3.0
4.3
2.7
2.6

3.2
2.6
3.0
1.6
2.5

2.3
2.2
2.5
2.2
2.3

2.8
2.9
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Table &c. Arithmetic mean, observed range, geometric mean, and geometric deviation 

of 36 elements in six coal samples from the Williams Fork Formation, Grand Hogback 

coal field, northwestern Colorado

[All analyses are in percent or parts per million and are reported on a whole- 
coal basis. L, less than the value shown]

Element
Arithmetic

mean

Observed

Minimum

range

Maximum
Geometric 
mean

Geometric
deviation

Percent

Si
Al
Ca
Mg
Na

K
Fe
Ti

2.0
1.4
.50
.040
.058

.038

.15

.062

1.3
.97
.17
.026
.043

.022

.051

.044

3.2
2.2
1.1
.088
.072

.071

.34

.088

1.9
1.3
.38
.036
.056

.034

.12

.059

1.4
1.5
2.2
1.6
1.2

1.6
1.8
1.4

Parts per million

As
B
Ba
Be
Co

Cr
Cu
F
Ga
Hg

La
Li
Mn
Mo
Nb

Ni
Pb
Sb
Sc
Se

Sr
Th
U
V
Y

Yb
Zn
Zr

1.4
150
200

.7
1.5

2.5
6.8

45
7
.04

10
11
31

i.
3

2
5.6
.4

1.5
1.2

150
2.4
1.0

10
5

.5
5.3

30

0.4
70

150
.3

1

1.5
3.9

25
3
.OIL

7
7.8
7.2
1.5
1.5

1.5
3.0
.1

1
.8

70
1.0
.4

5
3

.3
3.2

15

2.1
150
300

1.5
2.3

3.5
10
85
15

.10

20
15

110
2
7

3
9.2
1.1
3
1.9

200
4.6
2.3

1510
1

11
70

1.2
150
200

.5
1.4

2.4
6.4

40
7
.03

7
11
19
2
2

2
5.1
.3

1.5
1.2

150
1.8
.8

10
5

.5
4.8

20

1.8
1.4
1.2
1.8
1.3

1.3
1.4
1.6
1.7
2.0

1.8
1.3
2.8
1.2
2.0

1.3
1.6
2.2
1.5
1.4

1.4
2.1
2.0
1.6
1.7

1.7
1.6
1.8
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Table 9d. Arithmetic mean, observed range, geometric mean, and geometric deviation 

of 37 elements in nine coal samples from the Williams Fork Formation, Carbondale 

coal field, northwestern Colorado

lAll analyses are in percent or parts per million and are reported on a whole- 
coal basis. L, less than the value shown]

Element
Arithmetic

mean

Observed

Minimum

range

Maximum
Geometric
mean

Geometric
deviation

Percent

Si
Al
Ca
Mg
Na

K
Fe
Ti

As
B
Ba
Be
Co

Cr
Cu
F
Ga
Hg

La
Li
Mn
Mo
Nb

Ni
P
Pb
Sb
Sc

Se
Sr
Th
U
V

Y
Yb
Zn
Zr

1.7
.94
.37
.081
.32

.027

.35

.047

0.7
50

200
.3

1.0

2.1
4.6

89
3
.06

7
8.7

13
.7

2

2
370

2.9
.2

1

1.0
150

2.0
.6

7

5
.5

4.3
20

0.67
.41
.16
.055
.001

.010

.19

.027

Parts per

0.1L
20

200
.2
.8

.1L
3.5

40
2
.01

5
5.2
4.8
.5L

1.5

.7
38L
1.6L
.1L
.7

.1L
70

.7

.2L
5

2
.2

1.2L
7

2.9
2.1
.62
.10
.25

.048

.70

.070

million

2.5
70

300
1
1.4

3.8
6.0

200
7
.31

10
20
40
1.5
3

5
880

4.7
.3

1.5

1.5
300

3.8
1.2
7

7
.7

9.8
30

1.6
.85
.34
.078
.096

.024

.31

.044

0.4
50

200
.3

1.0

1.9
4.5

78
3
.03

5
8.0

10
.7

1.5

1.5
280

2.8
.2

1

.9
150

1.8
.2

5

3
.3

3.7
15

1.6
1.6
1.5
1.3
5.2

1.6
1.6
1.4

3.4
1.6
1.2
1.8
1.2

1.4
1.2
1.7
1.7
3.5

1.6
1.5
2.0
1.6
1.3

1.7
2.1
1.4
1.5
1.3

1.4
1.6
1.7
4.0
1.2

1.7
1.7
1.8
1.7
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Table 10. Arithmetic mean, observed range, geometric mean, and geometric deviation of

proximate and ultimate analyses, and heat of combustion, forms of sulfur, and ash-

fusion temperatures of 76 coal

Colorado

samples from the Williams Fork Formation, northwestern

[All values are in percent except kcal/kg, Btu/lb, and 
reported on the as-received basis. J F = ("C x 1.8) 
L, less than the value shown; leaders (   ) indicate 
geometric means for 86 Rocky Mountain province coal 
table 33a) are included]

Arithmetic 
mean

Observed range

Minimum Maximum

ash-fusion temperatures, and are 
+ 32; kcal/kg = 0.556 x (Btu/lb). 
no data. For comparison, 
samples (Swanson and others, 1976,

Geometric 
mean

Geometric 
deviation

Rocky Mountain 
province 

geometric mean

Proximate and ultimate analyses

Moisture

Volatile 
matter

Fixed 
carbon

Ash

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

11.7

32.8

46.0

10.7

5.4

61.5

1.3

21.3

.6

0.8 23.8

11.3 40.3

22.5 69.6

3.0 45.8

2.5 7.1

33.5 85.7

.5 2.1

2.6 30.6

.3 3.1

8.3

32.2

45.2

9.0

5.4

60.6

1.3

18.0

.6

2.3

1.2

1.2

1.8

1.1

1.2 '

1.4

1.8

1.5

10.5

35.7

41.5

7.7

5.6

58.9

1.1

22.4

.5

Heat of combustion

Kcal/kg

Btu/lb

5,990

10,780

3,210 8,390

5,780 15,090

5,890

10,600

1.2

1.2

6,180

11,110

Forms of sulfur

Sulfate

Pyritic

Organic

0.01

.16

.45

0.01L 0.10

.01 2.18

.12 2.27

Ash-fusion temperatures,

Initial 
deformation

Softening 
temperature

Fluid 
temperature

1,305

1,345

1,375

1,070 1,600+

1,095 1,600+

1,115 1,600+

0.01

.10

.40

°C

1,300

1,340

1,370

1.6

2.8

1.6

1.1

1.1

1.1

0.02

.11

.22
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Table 12. Arithmetic mean, observed range, geometric mean, and geometric deviation 

of 37 elements in 100 coal samples from the Williams Fork Formation, northwestern 

Colorado

[All analyses are in percent or parts per million and are reported on a whole- 
coal basis. L, less than the value shown; leaders ( ) indicate no data. 
For comparison, geometric means for 295 Rocky Mountain province coal samples 
(Hatch and Swanson, 1977, table 3b) are included]

Element
Arithmetic 

mean

Observed

Minimum

range

Maximum
Geometric 
mean

Geometric 
deviation

Rocky Mountain 
province 

geometric mean

Percent

Si
Al
Ca
Mg
Na

K
Fe
Ti

As
B
Ba
Be
Cd

Co
Cr
Cu
F
Ga

He
Li
Mn
Mo
Nb

Ni
P
Pb
Sb
be

be
br
Th
U
V

Y
Yb
Zn
Zr

3.2
1.4
.45
.U87
.072

.11

.35

.062

1.4
70

200
.7
.1

1.5
5
7.0

120
5

.06
10
29

.7
3

3
420

6.1
.4

2

1.0
150

3.5
1.3

10

7
.7

14
30

0.34
.30
.088
.008
.001

.003

.051

.018

0.1L
20
30

.15

.04L

.1L

.1L
2.3

20L
.7

.OIL

.68
2.0
.2
.7L

.7
38L
1.0
.1L
.3

.1L
10

.1L

.2L
2

1
.1

1.4
2

15
9.3
2.2
.36
.25

.72
1.9
.23

Parts per

11
300

1,000

.6

7
50
33

740
20

.39
63

210
3

15

30
2,000

57
3.3
10

6.4
500
15
6.3

100

20
2

100
200

2.3
1.1
.40
.070
.037

.059

.26

.054

million

0.6
70

200
.5
.05

1
3
6.0

87
3

.04
7.9

15
.5

1.5

2
120

4.1
.3

1.5

.9
100

1.4
.9

10

5
.5

8.0
20

2.3
1.9
1.6
1.9
3.2

3.1
2.1
1.7

4.0
1.7
1.8
3.0
3.6

2.2
2.7
1.7
2.1
1.9

2.5
2.1
3.2
3.0
2.8

2.5
5.0
2.4
2.2
2.2

1.7
2.1
3.9
2.3
2.1

2.0
2.0
2.8
2.1

2.3
1.1
.48
.089
.055

.041

.34

.047

2
70

150
.5
.05

1.5
5
8.4

69
3

.05
8.0

20
1.5
.5

2
 
4.7
.3

1.5

1.2
100
 
1.1

10

5
.5

6.8
20

94


